To improve the ride comfort of the off-road vibratory roller, the cab's hydraulic mounts were analyzed to prevent vibration sources transmitting to the cab. However, the cab's low-frequency shaking in the vertical direction and the direction of forward motion is still great. is study proposes an optimal fuzzy-PID control method for semi-active cab's hydraulic mounts based on an off-road vehicle roller dynamic model to analyze the low-frequency performance of semi-active cab's hydraulic mounts under the different operating conditions. In order to evaluate the ride comfort of the off-road vibratory roller with semi-active cab's hydraulic mounts, the power spectral density (PSD) and the weighted root mean square (RMS) of acceleration responses of the vertical driver's seat, cab's pitch, and roll vibrations in the low-frequency range are chosen as objective functions. Contrastive analysis of low-frequency vibration characteristics of the off-road vibratory roller with passive cab's hydraulic mounts, semi-active cab's hydraulic mounts without optimization, and semi-active cab's hydraulic mounts with optimization is, respectively, carried out.
Introduction
e vibratory roller plays an important in the field of the construction project on roads, railways, airports, and so on.
ere is a combination of the static force of the vehicle self and the dynamic force of the vibratory drum yielded by an eccentric mass rotating around the drum axis to compact soil, asphalt, and other materials in its work process. us, the vehicle's vibration dynamics were mainly generated by the wheelsdeformable terrain interaction in the condition of the vehicle traveling and the drum/tyres-elastoplastic terrain interactions in the condition of the vehicle working [1] [2] [3] [4] . e interaction model between the tyre and soft soil ground had been applied for researching the effect of soil deformation on off-road vehicle ride responses [5, 6] . e dynamic pressuresinkage relationship of a smooth rigid wheel-terrain interaction model was also studied [7] . Besides, the effect of the random terrain surfaces on earth-moving machinery's ride comfort had been researched via the wheels-soil contact model [6, 8] . All research results indicated that the vibration responses of interactive models were strongly affected by the off-road deformed terrains.
Consequently, the vibratory roller's ride comfort was researched via the interaction model between wheels and offroad terrain. e influence of design parameters of passive cab's rubber mounts (PRMs) on the ride dynamics of a soil compactor was studied via experiment and simulation [9] , and the PRM's parameters were then optimized to improve the ride comfort [10] . e research results showed that the vibration responses of the vertical driver's seat and cab's pitch were greatly affected under various operating conditions. Because the low-frequency excitation arising from the wheels-terrain interaction is mostly transmitted to the cab and the driver's seat through PRM and seat's suspension, the vibration responses in the low-frequency range of 0.5-10 Hz caused by terrain surface roughness can lead to the main risk factors which seriously affect the driver's mental and physical health [11] . erefore, the PRM is difficult to satisfy the driver's ride comfort under the low-frequency excitation region of off-road terrain.
e vibratory roller cab's isolation system is one of the most important factors to improve the driver's ride comfort. A 3D nonlinear dynamic model of an off-road vibratory roller equipped with three different cab's isolation mounts including the PRM, the passive hydraulic mounts (PHMs), and the pneumatic mounts was studied via the simulation and experimental investigations to investigate the vehicle's ride comfort in a low-frequency region [1] .
e results showed that the low-frequency and high-stiffness characteristics of the PHM have a good effect on isolating lowfrequency vibration transmitted and controlling the cab shaking of the vibratory roller. However, the vertical driver's seat and cab's pitch vibrations were still great under operating conditions according to ISO 2631-1:1997 [12] .
erefore, research and control of the semi-active cab's hydraulic mounts (SHMs) of the vibratory roller to enhance the ride comfort is necessary.
Nowadays, the combined control methods, such as the neural-PID control, fuzzy-PID control, and integrated fuzzy-wheelbase preview control [13] [14] [15] , were strongly developed for controlling the magnetorheological fluid of the semi-active suspension systems [16] [17] [18] . In order to enhance the control performance, the optimal control methods, such as neuro-fuzzy control with the fuzzy rules optimized by the genetic algorithm [19] , fuzzy-PID control with the control rules optimized by cultural algorithm [20] , and fuzzy-skyhook control using the multiobjective microgenetic algorithm [21] , were also successfully applied.
e research results showed that the optimal control methods were better than without optimization. However, all the above research studies mainly investigate the performance of the control methods; thus, the quarter car models are mostly used for all research studies. In addition, the above combined control methods have not yet been considered and applied for the SHM of the vibratory roller.
erefore, researching an optimal control method for the SHM to enhance further the off-road vibratory roller's ride comfort is necessary.
In this study, based on a three-dimensional nonlinear dynamic model of the off-road vibratory roller equipped with PHM [1] , an SHM using the magnetorheological fluid with adjustable damping is then developed. An optimal fuzzy-PID control method in which the fuzzy control rules optimized by the genetic algorithm program is applied to optimize the control force of the SHM. e performance of SHM with optimization for the ride comfort and the health of the driver is then evaluated through the power spectral density (PSD) and weighted root mean square (RMS) acceleration responses of the vertical driver's seat, cab's pitch, and roll vibrations in both the frequency and time domains under actual operating conditions of the off-road vibratory roller. e innovation in this paper is that an 11-DOF vehicle dynamics model which can fully reflect the pitch and roll of the cab is concerned under the various operating conditions.
A new optimal method of the fuzzy control rules based on the genetic algorithm, which is known as a multiobjective optimal algorithm with wide search range and short search time, is successfully developed and applied for the optimal fuzzy-PID controller. e two evaluation methods including the evaluation method of the vibration effect to the driver's ride comfort via the weighted RMS acceleration response in the time region and the evaluation method of the vibration effect to the health and safety of the driver via the PSD acceleration responses in the low-frequency region are carried out. e vibration responses of the vibratory roller under low-frequency excitation of the off-road terrain ground, especially the pitch and roll vibration response of the cab with PHM, SHM without optimization, and SHM with optimization are, respectively, simulated and analyzed.
e results show that the low-frequency and high-stiffness characteristics of SHM with optimization have a good effect on isolating low-frequency vibration transmitted and controlling the cab shaking of the vibratory roller.
Vibratory Roller Dynamic Models

Modeling of the Off-Road Vibratory Roller Dynamic.
Based on a three-dimensional nonlinear dynamic model of the off-road vibratory roller [1] , as shown in Figure 1 (a), the basic structure of the vibratory roller consists of the rigid drum/tires, the front/rear vehicle frame, the cab, and the seat. e cab is connected with the rear frame via the cab's isolation mounts which contain PRM, PHM, or SHM, as shown in Figures 1(b 
A three-dimensional nonlinear dynamic model with eleven-DOF of a single drum vibratory roller and the cab's isolation mount models are built as in Figures 2(a) and 2(b).
In Figure 2 (a), z s represents the vertical motion at the driver's seat. z c , ϕ c , and θ c are the vertical, the pitch, and the roll motions at the cab, respectively, and those are described as z rf , ϕ rf , and θ rf at the rear vehicle frame. e vertical and roll motions of the front frame and the drum are described as z ff , θ ff and z d , θ d . z sej and z tj are the vertical motion of the deformable terrain under the drum and the tyres. e mass of the driver, the cab, the front frame, the engine, the rear frame, and the roller drum is described as m s , m c , m ff , m rf , and m d , respectively. F ci is the vertical dynamic forces generated by the cab's isolation mounts (i � 1-4). q tj and q dj are the off-road terrain roughness surface at tyres and drum contacts.
Based on the dynamic model of the vibratory roller and off-road terrains interaction, as shown in Figure 2 (a), and the motion equations of the driver's seat, cab, front/rear vehicle frame, and wheels-deformable terrains interaction [1] , the motion equations of the off-road vibratory roller can be represented in the matrix form as follows: 
Mathematical Model for the Cab's Isolation Mounts.
Both the PRM and the PHM, as plotted in Figures 1(b) and 1(c), and their lumped parameter models described as in Figure 2 (b) were studied via the simulation and experiment [1] . Herein, k r and c r are linear sti ness and damping coe cient of the main rubber mount, and a liquid damping force f d c h | _ z| _ z is expressed as the damping characteristic of a quadratic nonlinearity, in which c h is the damping constant of the hydraulic mount. In addition, a new model of SHM for the vibratory roller based on the PHM is proposed in this study.
e basic structure of an SHM includes a main rubber, a damping plate driven by the bolt, and a closed chamber lled with the uid. However, the uid used in the closed chamber is a 
Side view Front view [16] [17] [18] . e damping plate of the SHM is equipped with an electromagnet coil and a flux guide. When the coil current is changing, a magnetic field in the flux guide is also being transformed; thus, the viscosity of MR fluid in the annular orifice is simultaneously changing. e result is that the vibration damping can be adjusted according to the different road surfaces. MR fluid flows in the upper-lower chamber are also derived by the transfer of damping plate through the annular orifice and the orifices, as seen in Figure 1(d) . e lumped parameter model of SHM is also represented by a linear stiffness k r and damping c r coefficients of the main rubber and a semi-active damping force of hydraulic mount,
magnetorheological (MR) fluid with adjustable damping
Herein, u is an active damping force of MR fluid which is controlled by an optimal fuzzy-PID controller, as shown in Figure 2(b) .
e corresponding dynamic force at mount i of the cab's isolation mounts in the vertical direction is given by
Random Excitation of the Off-Road Terrain Surface.
In actual operating conditions, the excitation forces of the vibratory roller are strongly affected by the rough terrain surfaces apart from wheels-deformable terrain interactions. e terrain behaviour under wheel-soil contact is nonlinear. us, the off-road vibratory rollers must be studied in the frequency domain apart from the traditional time domain to analyze the influence of excitation on the ride response. Offroad terrain surface in the frequency domain is calculated via the PSD value [6] . e spatial PSD of the road surface profile, S(Ω), is described as a function of the spatial frequency Ω (cycle·m −1 ). e spectral density of off-road terrain is thus written in accordance with ISO proposal [22] over the different spatial frequency ranges by
where w 0 � 3 for Ω ≤ Ω 0 and w 0 � 2.25 for Ω > Ω 0 ; the value S(Ω 0 ) provides a measure for the random terrain with the reference spatial frequency Ω 0 � 1/2π cycle·m
More specifically, assuming the vehicle moves with a constant speed v 0 , the off-road terrain irregularities in the time domain can then be simulated by the series
where N is the number of intervals and s i � ��������� 2S(iΔn)Δn is the amplitude of each the excitation harmonic in which S is the target spectral density. Δn � 2π/L, and L is the length of the road segment. φ i is a random phase uniformly distributed between 0 and 2π, and Δω � Δnv 0 is the fundamental temporal frequency. Mitschke [23] extended the spectral density ranges for the unpaved off-road classifications apart from the traditional asphalt road classifications, including the classification ranges from good to very poor, and the desired terrain roughness can be yielded by choosing a value in the spectral density ranges.
In order to develop an off-road terrain roughness input closing to the actual terrain condition, the simulation parameters used for generating the time domain of a rough terrain surface, as shown in Figure 3 . Its spectral density obtained from the time domain is also depicted in Figure 3 (b). e frequency region of the input signal is mainly below 10 Hz.
Experimental Model Results.
In order to validate the accuracy of the mathematical model of the off-road vibratory roller, experiments and simulations were carried out with cab's isolation systems when the vehicle moved and compacted at a speed v 0 � 0.83 m·s −1 on a poor elastoplastic terrain surface at the excitation frequency, 28 Hz, of the drum [1] .
e comparison results are shown in In addition, simulation results with PHM showed that both PSD acceleration responses and the weighted RMS values of the vertical driver's seat, cab's pitch, and roll vibrations are greatly reduced, and the PHM has almost no effect on the resonance frequencies in comparison with PRM under the various operating conditions. erefore, the model of the off-road vibratory roller using PHM not only enhances the vehicle's ride comfort but also provides the accurate and feasible model for low-frequency performance analysis of the semi-active cab's hydraulic mounts (SHMs). 
Design of the Optimal Fuzzy-PID Controller
Modeling of the Optimal Fuzzy-PID Control.
e PID control is one of the controllers with not only a simple structure but also robust performance, and it is generally used in industrial process control. However, the performance of PID control depends on the appropriate selection of the PID's parameters. e well-known Ziegler-Nichols technique has been used to choose the PID's parameters. However, it is only efficient when the system works at the designed operating condition. Contrariwise, the fuzzy logic control (FLC) does not depend on the designed operating condition; it only depends on the appropriate selection of the fuzzy inference system (FIS). However, the shortcomings of FLC are low precision and stability. In order to avoid shortcomings of both FLC and PID control, fuzzy-PID control had been developed [18, 20, 24] . In this study, to enhance the control performance of fuzzy-PID control (FPC), the control rules in FIS optimized via the genetic algorithm (GA) program are then developed and applied for the FPC's optimization.
In the cab's isolation mounts, there are four SHMs which should be separately controlled; thus, four optimal fuzzy-PID controls should be designed. However, the design process of these controls is the same. erefore, a specific of the optimal FPC is designed to control the active damping force of MR fluid. e model of the optimal FPC for SHM is depicted in Figure 5 (a).
In Figure 5 (a), fuzzy-PID control includes two inputs and three outputs in which 2 inputs denoted by E and EC are the vertical displacement error (E) and the vertical velocity error (EC) of the cab frame, and 3 outputs denoted by K p ′ , K i ′ , and K d ′ are the proportionality factors, respectively. e proportional, integral, and derivative parameters in PID control are defined by K p , K i , and K d which can be automatically tuned and depend on the parameters K p ′ , K i ′ , and K d ′ of the FLC, and the actual control force of MR fluid u(t) is decided by the PID control; the control force f d of SHM is then used for subsystem of the vehicle. In order to enhance the further performance of the FPC, the GA program is used to optimize the control rules in FIS via the subsystem of the vehicle and the objective functions.
e force output of the PID control is given by
where e(t) is the displacement error the cab frame. e initial values of proportionality factors in equation (5) [24] :
Hence, the input values in equation (5) are, respectively,
e linguistic variables of two inputs are defined by the positive big (PB), positive small (PS), zero (ZO), negative small (NS), and negative big (NB). Besides, the linguistic variables of three outputs are also defined as small (S), medium small (MS), medium (M), medium big (MB), and big (B), respectively.
(ii) Membership function: the shape of membership functions of input-output variables is used by the triangular function, and its degree of membership is between 0 and 1, as shown in Figure 5 (b). (iii) e FIS's rules: the initial control rules are given by the designer's knowledge and experience as follows:
where FIS is selected by the minimum function and the centroid method of Mamdani and Assilian [25] , and the above control rules are then optimized by GA program through the subsystem model. 
Optimization of the Control Rules
where F(x) is the vector of objective functions, which must be either maximized or minimized, and p and q are numbers of inequality constraints and equality constraints. GA is structured into the following steps: encoding, population initialization, tness evaluation, parent selection, genetic operations (crossover and mutate), and termination criterion. e ow chart of the GA program for SHM is built in Figure 6 .
Application of GA Program to Optimize the Control
Rules.
e goal main of GA is to seek the optimal control rules in FIS to get the minimum values of the weighted RMS acceleration responses of the vertical driver's seat, cab's pitch, and roll vibrations via the subsystem model in Figure 5 (a). erefore, GA's structure is built as follows:
(i) Encoding mechanism and initial population: in "(iii) e FIS's rules," there are 25 control rules that contain a total of 75 elements. e 75 elements are then connected into a string of numbers as a chromosome which is regarded as a vector. Encoding mechanism can shorten the chromosome length of the individuals in population space to enhance the running speed and to reduce the searching space of the algorithm program. us, the linguistic variables of two inputs (E and EC) are encoded by the numbers as [ 1×5 . Besides, the individuals in the initial population are randomly generated. For each gene, the value of that gene is also selected as a random positive integer in the range of 0 ≤ a j ≤ 4 and 5 ≤ b j ≤ 9, and the size of the initial population is 100.
(ii) Objective function and tness value: the minimum values of the weighted RMS acceleration responses (a wl ) of the vertical driver's seat, cab's pitch, and roll vibrations are selected as objective functions in this study. e expression of objective functions is written in equation (9) . In order to nd the minimum values of the weighted RMS acceleration responses, the tness value J is greatly simpli ed to calculate objective functions as follows [20, 27] :
where subscript l refers to the vertical driver's seat (z s ), cab's pitch (ϕ c ), or cab's roll (θ c ) vibrations and α l is the scalar that weighted or percent of the weighted RMS values in l. e individuals with the higher tness value J which is obtained via the subsystem model show that the obtained control rules in "(iii) e FIS's rules" are better.
erefore, the resultant individuals are updated before the evolution process ends, and the optimal individuals can be obtained. (iii) Genetic operations: after establishing the initial population and selecting the parents. Genetic operations (including crossover and mutation) are then performed. Herein, crossover probability of 0.95 and mutation probability of 0.05 have been used in 200 erefore, the arithmetic crossover is performed on 95% of the selected parents, whereby two children are created from the weighted sum of two parents, and children of the remaining 5% of selected parents are exact copies of the parents. Crossover operation is performed until the population number is doubled.
en, each individual undergoes the mutation operation which is the process of randomly changing the values of genes in a chromosome with a probability of 0.05. e mutation can create new genetic material into an existing individual and add diversity to the genetic characteristics of the population. Finally, through the fitness value J, only the optimal individuals are selected at the end of each generation to exist as the population of the next generation. For the termination criterion, the limitary generation is used; then, the resultant population is evaluated to determine convergence.
Optimal Result of the Control Rules.
In order to seek the optimal control rules for the FPC, we assume that the vibratory roller travels on the deformable terrain at a constant speed v 0 � 1.67 m·s
, and off-road terrain excitation input q(t) of the subsystem model is chosen as in Figure 3(a) with the simulation time of 10 s. e scalar that weighted RMS values of the vertical driver's seat, cab's pitch, and roll vibrations are α z � 0.486, α ϕ � 0.449, and α θ � 0.065, respectively, which are decided based on the percent of the weighted RMS value of the vertical driver's seat (48.6%), cab's pitch (44.9%), and cab's roll vibrations (6.5%) with the weighted RMS values of the PHM in Table 1 . e maximum generation is 200.
e result in Figure 7 shows that the maximum fitness value J is obtained from the evolutionary generation of 133 to the end. erefore, the optimal individuals can be obtained at the generation of 133. By recording, the optimal control rules in FIS are listed in Table 2 . e optimal control rules are then used for the optimal FPC to simulate and analyze the low-frequency performance of semi-active cab's hydraulic mounts.
Results and Discussion
Evaluation Criteria.
e performance of the vehicle suspension system is evaluated by three main indices in the time domain, including the ride comfort, working space, and road holding characteristics.
Among these three indices, the ride comfort performance evaluated via the weighted RMS acceleration response is considered to be the most important index [1] . In addition, in the international standard ISO 2631-1 [12] , the PSD acceleration response is also applied to estimate the effect of vibration on the endurance limit of the human body in the frequency domain. It was suggested that a lowfrequency range of 4-10 Hz for the vertical and of 0.5-2 Hz for the rotational vibrations seriously affected the driver's health and safety. In this study, the performance of SHM also is evaluated through both the PSD and the weighted RMS acceleration responses of the vertical driver's seat, cab's pitch, and roll vibrations in the frequency and time domains. us, the smaller PSD and weighted RMS values mean to be the better ability of the corresponding isolation mounts. e expression of RMS was given by
where € x l (t) is the acceleration response in the l as a function of time and T � 50 s is the time of simulation.
Control Performance When the Vehicle Travels on the Deformable Terrain.
In this study, the vehicle is assumed to be traveling on a terrain type of Grenville loam given by Wong [28] at a constant speed v 0 � 1.67 m·s , c � 3.1 × 10 3 Pa, φ � 29.8°, and its off-road terrain irregularity as in Figures 3(a) are the random excitation inputs of the simulating model. Simulations are then carried out to analyze the low-frequency performance of SHM based on the design parameters of a single drum vibratory roller [1] .
A good cab's isolation system should be able to minimize its deflection and acceleration to enhance the driver's ride comfort. In addition, the driver's mental and physical health is affected not only by the acceleration responses in the time region but also by the PSD acceleration responses in the lowfrequency region [11] . erefore, the maximum PSD and the weighted RMS values of the vertical driver's seat, cab pitch, and roll vibrations are, respectively, given to compare the low-frequency performance of SHM.
e simulation results of the PSD acceleration responses of the vertical driver's seat, cab's pitch, and roll vibrations are plotted in Figures 8(a)-8(c) , respectively. In Figure 8 , the resonance frequencies of PSD acceleration responses of the vertical driver's seat, cab's pitch, and roll vibrations with SHM without optimization and with optimization have not been changed in comparison with PHM. is can be due to the fact that stiffness coefficients of the cab's isolation system are unchanged and its damping control forces have almost no effect on the resonance frequencies. However, the maximum resonance peaks of the PSD acceleration responses are significantly transformed by the SHM.
e maximum resonance peaks of the PSD acceleration responses of the vertical driver's seat, cab's pitch, and roll vibrations of SHM without optimization are smaller than PHM. Meanwhile, the maximum resonance peaks of the PSD acceleration responses of SHM with optimization are the smallest. Especially in low-frequency below 4 Hz, the maximum PSD values of the vertical driver's seat, cab's pitch, and roll vibrations of SHM with optimization are greatly reduced by 32.97%, 29.08%, and 64.40% in comparison with PHM, respectively. is is due to the main impact of the semi-active damping force of hydraulic mount
erefore, the health of the driver can be clearly improved by SHM using the optimal fuzzy-PID controller.
e simulation results of the acceleration responses are also shown in Figures 9(a)-9(c) . In Figure 9 , we can see that 8 Shock and Vibration the acceleration responses of SHM with optimization are lower than both PHM and SHM without optimization. Besides, the weighted RMS acceleration responses in Table 1 also show that the weighted RMS values of the vertical driver's seat, cab's pitch, and roll vibrations of SHM with optimization are strongly reduced by 34.99%, 42.56%, and 41.72% in comparison with PHM, respectively. e above analysis results indicate that when the vehicle travels on the deformable terrain, the driver's ride comfort can be clearly improved by SHM with optimization in both the time and the low-frequency region. erefore, the SHM with optimization could provide the best ride comfort performance for the off-road vibratory roller in the condition of the vehicle traveling.
Control Performance When the Vehicle Moves and
Compacts on the Elastoplastic Soil Ground. In the working condition of the vibratory roller, the effect of the elastoplastic soil grounds on the performance of the compaction process was studied under the excitation frequencies of the drum in a range of 0.1-70 Hz [2] [3] [4] 9] ; the research results showed that comprehensive drum/soil contact and loss of contact data had appeared over a range of 15-40 Hz [4] , especially at the excitation frequencies of 28.5 Hz and 33 Hz of the drum which yielded the maximum compaction forces due to "double-jump" of the drum [2, 9] . Based on the design parameters of a single drum vibratory roller [1] , the excitation frequency of the vibratory drum in the working condition was also given at 28 and 35 Hz; therefore, the excitation frequencies of the vibratory drum at 28 and 35 Hz with the parameters of the vehicle [1] are used for simulation. Besides, in compression process of the drum, the elastoplastic soil properties are changed during the interaction between the rigid drum and soil ground. e elastoplastic soil properties are represented via three different values of the plasticity parameter ε, including low-density soil ε � 0.34, mediumdensity soil ε � 0.72, and high-density soil ε � 0.87 [9] . However, the elastoplastic property of low-density soil (ε � 0.34) is similar to the property of a soft soil deformation which is simulated in the condition of the vehicle traveling. erefore, in order to evaluate the low-frequency performance of SHM in the condition of the vehicle working, the vehicle is moved and compacted at very slow speed 0.83 m·s Table 2 : Result of the optimal control rules. . e comparison results of the PSD acceleration responses of the vertical driver's seat, cab's pitch, and roll vibrations with the cab's isolation systems at a low/high excitation frequency, 28/35 Hz, of the vibratory drum are seen in Figures 10 and 11 . Similarly, in the condition of the vehicle traveling, the resonance frequencies of PSD acceleration responses of the vertical driver's seat, cab's pitch, and roll vibrations of SHM without optimization and SHM with optimization are also unchanged in comparison with PHM. e simulation results also show that the resonance frequencies of SHM without optimization and SHM with optimization also occur at 28.18/ 35.18 Hz comparable with PHM in all three directions. is can be due to the effect of the resonance at a low/high excitation frequency, 28/35 Hz, of the vibratory drum. In addition, the resonance frequency of the acceleration PSD responses of all cab's isolation systems clearly appears at 5.69 Hz in both graphs of Figures 10 and 11 , whereas this resonance frequency does not occur in the graph of Figure 8 .
is particularity may be due to the effect of the soil stiffness with the high-density soil ground.
Besides, at a low-frequency range below 4 Hz, the maximum resonance peaks of the PSD acceleration responses of the vertical driver's seat, cab's pitch, and roll vibrations of SHM with optimization are strongly reduced in comparison with PHM by 24.46%, 31.47%, and 59.37% at a low excitation frequency, 28 Hz, of the drum and by 17.76%, 33.52%, and 53.85% at a high excitation frequency, 35 Hz, of the drum, respectively. is is also due to the main impact of the semi-active damping force of hydraulic mount
Contrarily, at a frequency range upper 4 Hz, the PSD acceleration responses of the vertical driver's seat, cab's pitch, and roll vibrations of SHM without optimization and SHM with optimization are slightly increased in comparison with PHM, especially at the resonance frequency of 5.69 Hz. However, the PSD acceleration values are very small. erefore, the driver's health can be clearly improved by using SHM with optimization in the lowfrequency region when the vehicle moves and compacts on an elastoplastic soil ground. Tables 3 and 4 . e weighted RMS values of the vertical driver's seat, cab's pitch, and roll vibrations of SHM with optimization are greatly reduced in comparison with SHM by 35.16%, 48.29%, and 37.65% under a low excitation frequency, 28 Hz, of the drum and by 24.80%, 43.15%, and 36.06% under a high excitation frequency, 35 Hz, of the drum, respectively. Consequently, the above analysis results also indicate that the driver's ride comfort and health are strongly improved by SHM with optimization when the vehicle moves and compacts on the high elastoplastic soil ground under both the low/high excitation frequency, 28/35 Hz, of the vibratory drum.
Conclusions
Modeling and low-frequency performance analysis of semiactive cab's hydraulic mounts of the off-road vibratory roller are addressed in this work.
e comparison between the simulation and test results of passive cab's isolation mounts is also carried out. e low-frequency performance of SHM using the optimal fuzzy-PID controller is then evaluated through the PSD acceleration and weighted RMS values of the vertical driver's seat, cab's pitch, and roll vibrations in both the frequency and time domains.
e results are summarized as follows: 
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